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I.     IHTRODUOTION AMD SÜHMAB.T 

Par.»  1. 

•urln - " i -iiat, l'l'*l, the Air Corns Jet Propulsion Research 

Project successfully completed a series of flight test* with ths 

Erooupe, a li/*ht airplane, equipped with six ?5 lb. thrust solid 

uropellant Jet unite. She results of the testa showed that 

auxiliary Jet propulsion could, with »rent nilvanta e, improve 

aircraft take-off porforraanoe, and r.lso riirtit performance for 

short periods of tine. (Cf. Ref. 1) 

Liu  solid »mpellant Jet unite usod In these fli-ht tests 

were later i'ound to have unsatisfactory storage nunlltles, 

necessitating further research before lar^-er units of this type 

could be recommended for service.applications. 

Paralleling the solid nropellant research, work «as beln» 

carried out by the Project on Jet units of the liquid nronellant 

type. The engineering development of the liquid Jet unit culainated 

ra Idly Then a suitable oxtdizer and fuel were discovered. The 

Materiel Center chose the A-?QA alrnlane for the flight tests 

analyzed in this report. The development of the liquid nropellant 

Installation and Its operation during the fli,«Jit tests are described 

In Reference ?. 

The rosul ts of the A-?nA fll,"*it tests Indicate that the take- 

off characteristics cf an aircraft can be greatly improved even 

though the airplane has not been originally built to incorporate 

auxiliary Jet propulsion equipment. In new types the nrovision 

for euch equipment will per-ilt greater freedoi In the deal 71 of 

the aircraft for optlnun nerfomnnce, esnecl:»lly <--s retires ran^e 

I 
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and useful load carrying carwclty. 

V. J.    .- r'.i    In Reference 3 states that rapid advances in the 

dasi m of hlrh speed air-Vlanes Tilth hi."Ji wln>- and nower loadi .<;• 

have nade the problem of take-off performance one of major Importance. 

Propellers chosen to Rive maatimum efficiency at nor'ial 

cruising or hi.^h sneed ape,  a» a result of such selection, usually 

very inefficient in the take-off region.    Power loadings are kept 

as hi^> as possible to inerease ranfle and neyload, resulting In 

lower thrust-weight ratios.    Hi.-^i speed performance neoessitates 

hi.th wiry- loadir JS to reduce uaraelte drag, with the result that 

take-off speeds are Increased.    These and other factors tend to 

increase the take-off distance to an extent such that they become 

critical in design,  often doterninin" the limiting values for 

nower and win/» loadings, and nrorteller diameters. 

In thi   oninlon of Dr. t>, P. Thomson of Kncland and also of 

the author,  recent developments in the methods of assisting the 

take-off of conventii-Jil aircraft have made it nonsihle to dejl.Ti 

future aircraft to fulfill efficiently their naln mimosa—to fly. 

Take-off prerequisites are no longer critical and need not hinder 

the airplane designer.    Landln : of the aircraft  is th'is the only 

remaining s).ae.:lo that the erount: imposes on the designer. 

Ill the A-,">1A fllrfit  tests two Jot units oach supplyin."' 1000 

lb.   thrust for <?'' seconds '«ere Installed.     If irreiter reductions 

in take-off dista'ce or lar.;er overloads are desired, jet   mit» 

deliverlTV hlrhor thrust can he installed.    Preliminary ejCTvrlments 

have already been "nda hy the Project with a single Jet unit fivlnf» 

?.        ID.  thrust. 

The fll -ht tests analysed in this renort furnished  information 
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on the following nroblens! 

1. I 'Oct of auxiliary ]• t propulsion on the reduction of 

take-off run and distance to clenr 5° tt.  'vlth and with- 

out overload. 

2. Effect of'auxiliary Jet propulsion on hl#i »need at 

5,000 and 10,000 ft. .nltitude. 

3. Effect of jet thrust on stability and control. 

U, Effect of blast fron the Jet units on parts of the alrnlane. 

5. Reliability of the Jet Installation. 

In Table I the salient nolnts of the flight tests are summarised. 

TABLE I. 

IS» 

Take-off distance for 17.500 
lb. ^ross weight,  ft. 

ifCce-off time for 17,500 lb. 
•Toss weight,  sec. 

Distance  to clear 50 ft.  for 
17,500 lb. cross weight, ft. 

lino to clear 50 ft. for 
17,5°0 lb. /TOSS weight,  sec. 

Teke-off distance for ?0,rx* 
lb. gross weight,  ft. 

Talce-off tine for 20,000 lb. 
,Toss weight,  sec. 

Distance to clear 50 ft. for 
?0,000 lb.   fross weight,  ft. 

line to clear 50 ft. for 20,000 
lb.  ^rnss weight,  sec. 33».7 

ajtlnun indicated nirsneed 
at 5,000 ft.,   n.p.h. [    J?5? 

•"axliu-i indicated airspeed 
at 10,000 ft.,  n.p.h. 
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On the basis of the flight testa the following conclusion» 

can be drawn: 

1. 'V.e reduction In take-off distance und tine due to auxiliary 

Jet thrust agrees with theoretically predicted values very 

closely. Ihe reduction In distance to clear a height of 

50 ft. is not as lar,-:p as expected and further fM,^ht 

tentn with a service type Jet installation are recommended. 

P. IT» m-t.t test* indicts thn. lnr •» Increases in m-xinun 

speed can be obtained by neons of auxiliary Jet pronulslon. 

ConorehensIre fli-ht tests with a Jet Installation dallv- 

eriiu; thrust for a period of n-niroxinatel.v one minute «re 

Justified. 

3. i"he use of twin Jet units In the A-POA micelle cones 

caused no difficulty with stability and cntrol. Control 

of the airplane was satisfactory even whtn only one Jet 

unit rais delivering thrust. Wie pilot remarked that the 

airplane handled -lucli easier than normally during the 

take-off phnses when the Jet units wore OTisr.*ti"". 

!-. The blast from the Jet units caused no adverse effects 

after the fabric covering of the elevators was treated 

with flre-resltt."-nt paint and alu-iinlied varnish. Recent 

experiments at the Project indicate that the Jot flame can 

be effectively reduce." by the addition of certain chemicals 

to the oxidliter so tint treatment of the fabric on the 

A-20A elevators could be dispense« with. 

3. Durin.; the fll/jit tests Wf successive Jet motor runs were 

mp.de .Ttthout any misfires or explosions. On the basis of 

the experience gained dtirln - the fll-^t tests and following 
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reeonaandations of the Material'Center a service typ* 1000 

lb. thrust, 25 second Jet unit can be designed. The 

service type unit Is expected to have a value of at least 

3.2 for the ratio of Jet thrust to full welffht of the Jet 

unit and a value of 6 i»hen the Jet unit is emnty. Die 

ratio of intmlse delivered to the full weight of the Jet 

Inatallntlon would have a value of 30 lb. sec. Tier lb., 

which is na hi#i nn lias bann so far obtained with the 

best nnrestrlrttad-burnlnff tyne of solid propellant Jet 
unit. 
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SnRlnas 

Irlgit B-3600-3. 

Take-off nower ratlnß—lfiOO h,p. at 2^00 r.p.m. 

Prgnellsrs 

Uan'.lton Standard 3-blodo constant «peed. 

Proneller dlaneter—U ft. 5 In. 

Distance to take-off over 50 ft. obstacle—2330 It. 

(Kote:    'l'hls fIfjire la based in manufacturer« guaranteed 

estliwtc.) 

The A»;>rA had a nunber uf dealer» characteristics that nade It 

vary fsvomlle for fllfht teats to determine the effect of auxiliary 

Jet nropulslon on airplane iicrfomsree. '^he tricycle type landing 

r,ear fissured directional stability i'.irin-* tha <?ound run. Each 

nacelle cone vrovLdeu sufflclont unused volume for the Installation 

of a VOQ lb. thrust jet unit and furthermore par-iltted the Jet 

.thrust to act alon" the line of prooeller thrust. 
I 

Wie thrust axis shcn projected rear-mril cle< red the horizontal 

tall surface by a sufficient amount to allo« th« Jot blast. If 

necessary, to o.tend beyond the tall. In Fl^B. 3 and H are drmm 

a side ant ton view of the A-?0A together with outlines of the actual 

Jet hirsts. 

In the fore section of the bor* bay two comerclal nitrogen 

tanks for aunplyint* nrooeUant feed pressure «ere nounted. In the 

aft section of the bonb bay a separate hydraulic systen was Installed, 

since It «i not considered advisable to use the systea already on 

the airplane. 

The r*ar cockpit, normally oceunle? by a pinner, was converted 

Into a Jet operator's conrnrtnent. "'"rom his seat the Jet operator 
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in. BBsiatTPTTOi? or THE JET immuring 

The 1000 lb. thrust liquid propellnnt Jet unit designed for 

installation on the A-2CU airplane la tho culmination of three years 

of development work carried out by the Liquid Fropellant Section of 

the Air Corp* Jet Pronilelon Research Frojeot at the California 

Institute of Technology. 

The development period TOS spent In investigating a number of 

»paclal problema that arose fron the specif lention» set up by tba 

Amy Air forces Materiel Center for a Jet unit suitable for Instal- 

lation on aircraft to (l) Improve take-off performance, (g) increase 

the maximum speed for A neriod of the or*er of one ninute, and (3) 

inorense the rate of climb for a similar period of tine. 

The sneclficntions included the following nolntat 

a. The replacement of liquid oxyren by an oxldlser that la 

more easily transported mid handled« 

b. The use of a fuel that is «lost arivantnroous for the Jet 

unit as long as It la easily handled and available In 

large quantities. 

e. The choice of a propellent supnly system that would neces- 

sitate the least possible alteration to existing aircraft. 

d. The design of the Jet unit to emphasize lightness In «eight 

and eonpactneas. 

e. The reitriotion at  the sis« of the exhaust Jet to a minimum 

possible. 

f. The control of the Jet unit to be automatic to the extant 

that operation of the unit Is feasible by the pilot from 

thu cocjtnit. I 
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A suitable oxldlser for replacing liquid oxygen was found by 

J. V. Porten« In 1^9 and preliminary experiments with the oxidise* 

are described In Reference 1«.   At first extensive research «as 

carried out with #iaollne a« a fuel.    (Reference <j)   The ignition 

of thle fuel with the oxldizer presented a serloua problem.-   Then, 

•hen in an Installation designed for lifiht weltfit an unstable type 

of oaclllatlon appeared during the combustion process, after l/»nltlon 

was accomplished,  the /gasoline wae replaced, nt the suggestion of 

the author, by n new fuel.    This fuel l^ltes spontaneously with 

the oxldlger.  In an armropriately designed Jet motor,  thui ellnln- 

»•tine, the neceaalty of an Auxiliary Wit Ion system.    Hie rapid 

rate of burning of the new fuel with the oxldizer doe* not /tire rile 

to the mil table oscillation *loh oecured with gasoline. 

He design of the Jet unit m developed under the direetlon 

of Or. M. Sumraerfleld who also suparTlaad the design of the A-20A 

Jot unit Installation which was carried out by f. B. Powell and 

I. a. Crofut.   A detailed description of the above wirk la reported 

In Reference ?. 

Sinoe this retort Is concerned primarily with the flight tests 

of the A-20A airplane the Jet propulsion installation will be die» 

cussed here only briefly. 

Ilia Jet propulsion equipment nu constructed at the Air Corps 

•fat Propulsion Research Project.   Two identical Jet units oharaoter- 

lzed by the following performance sneclfiaations were built: 

Rated thrust 1000 lb. 

Duration of rated thrust..... *k seconds. 

Propellent eonsunntion.... 5.76 lb. per seo. 

Fropellant feed pressure r; ' lb. per riuare inch. 

Chamber pressure }'X) lb. nor square inch. I 
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In Tig. 8 a photograph of the Jet BO tor tt shown and la Fig. 9 

a typioal curve of thrust delivered at function of time. 

Since the rcaln purpose of the projected flight teats «a« to 

gain experience «1th the operation of a liquid wopellant type of 

Jet unit on an airplane, effort was directed toward achieving safety 

and rellalilllty rather than llpjitnpss and ease of servicing. In 

faot, by the tine the airplane TO ready for the svtper-perfomeance 

teete It had beeone a rudimentary flyln.» Jet laboratory. 

The jet Installation consisted of these connonent parts! 

1. Two Jet motors: one located In each mcelle oone. 

2. four nronellant tanks; t*> located In each naoelle cone. 

3« 1*0 remotely onerate^ -propellent throttle valves; one 

located In each nacelle cone. 

U. A pair of carbon tetrachlorlde fire extinguishing eprihk- 

lers In each naoelle cone. 

5« tno co-mercial 200 cu. ft. nitrogen tank« In the forward 

bomb bay. 

6. a nitrogen pressure regulator In the rear owner's cockpit. 

7. Hydraulic systea for operating the pronelTant throttle 

valves. 

8. Signal system between the pilot and jet onerator. 

A complete clrc lit dla^ran of the Installation is drawn in 

?iO 10. Two views of the uncovered Jet in It mounted In the naoelle 

cone are shown in 'i°!B. 11 nnd 12 and with the nacelle cone cover 

in place in 71,?. 13- An excellent Idea of the size of the nacelle 

jet installation can be obtained by referring to Fift. lU. 

Views of the mounted nitrogen tan1», the hydraulic systea, and 

the Jet operators cornv rtnent are sho"m respectively In Tin«. 15, 

If., and 17. 
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The weights of the eomponent parts of the Jet Installation 

•M Itemised In th* following breakdownl 

P. Jet motors 180 lb. 

U propellant task« lUs 

2 eomnerclal ^ttroßen tanks 857 

Valves, controls, and lines...., 69 

Couplets Jet units, enpty 6US lb« 

. Propellents 2SS 

HI trogen 36 

Complete Jet units, full 972 1». 

Instruments, auxiliary hydraulic system, 

fire extinguisher systens, armor nlate, 

shoolr absorbers, nacelle relnforcenent, 

and miscellaneous structure . UjjO lb. 

Total «eight of experimental installation 1U22 lb. 

As previously stated the above freights are much larger than 

necessary in a service type of installation, for example, since 

the completion of the flight tests the weight of the jet motor has 

been reduced fron 90 lb. to approxinately ?5 lb. or 50 lb. for two 

Jet motor» con-oared to the ISO lb. weight of tho experimental notors. 

A servloe type of jet installation for the A-20A airplane, 

delivering 2000 lb. thrust for 25 seconds, is in the design sta^e 

at present, and h/is nil the equipment in the space available <n the 

nacelle cones with the exception of the pilot control. The estimated 

weight of this design is 3^0 lb. enpty, 6C5 lb. with propollant and 

-nitrogen tarjte full, T is corresponds to a thrust to weight ratio 

(2000 i 625) of 3.2 and an inpulse to weitet ratio (2000 x 25 i 625) 

of 80 lb. see. per lb. 
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Xtw experimental Jet Installation use« la UM *-20i m&fct test« 

writ completely satisfactory from the nolnt of Tie« of reliability. 

A total of W* successive Jet motor rune ware nude without any »le- 

flroe or explosions. During the preliminary experiment! on the air» 

plane faulty check valves Interfered «1th the propellent flo« In 

the rifjit Jet unit and the lack of a vent hole In the hydraulic 

reeerrolr caused lock of synchronization In the starte of the two 

Jet unite. After these 'lochanlcal difficulties «ere discovered 

the operation of the Jet equipment «as as planned. 
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I 
Hi* flldit teats of the A-20A airplane were carried out at 

Uuroo Dry Lake, U. S. Air Forces Bombing and Gunnery "xuire, Muroe, 

California, durin/; the period April 7 to April ah,  l')l(2. A ipealal 

take-off eourse «as laid out on the lake bed at the north end of 

the lake* A stripe approximately 3 feet "Ide "nd 1?,000 ft. long 

«a* marked with ro-td oil to assist the pilot In keeping a straight 

path during the take-off run. 

Take-off performance with and without auxiliary Jet propulsion 

was recorded In caneres aut up by the i'llrfit Engineering: nnd Factory 

Inspection Division of the Civil Aeronautics Adninistratlon. A 

description of the personnel, equlpnent used, and the results of 

the analysis of the flln exposed are fiiven In Amy Air Forces 

Report l'o. 3 entitled "Space Vine Records of Take-off Performance 

of A-BOA Alrnlane 'Vlth and Without Assistance fron Jet Propulsion." 

A oopy of this report Is reproduced In Appendix A of this report! 

In order to obtain an imnsdiate estimate of the take-off per- 

formance the talce-off distance «as observed visually and the take- 

off tine «as clocked with a stop-watch. The results of these obser- 

vations are tabulated in i'nble II« 

Theso Tables also include a complete list of tests that were 

carried out on the alrnlane with Jet units Installed. A discussion 

of each test, fron the -wint of view of the effect of the Jet unit 

Installation on the airplane, will be discussed liter in this section. 

The develonnent of the Jet units at the Air Corns Jet Propulsion 
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1 

Research Project anil n critique of the operation of the Jet unit* 

during the fli -ht leite cnn be found In Air Corns Jet Propulsion 

Research Project, Report Ho. 13 (Reference 2). A comprehensive 

record of those flight tests uns obtained by means of motion pictures 

in color, and a filn is available for nrojectlnn Iron a 16 as. 

projector. 

In addition to the take-off distance and take-off tine the 

following data are ,-;iven In 'i'ablell;  -irosü wel-jit. Jet thnist, 

Miration of Jet thrust, online manifold pressure, proneller r.p.m., 

ind take-off velocity. 

1'he fll/^it test pro Tarn called for a bracketing nrocehire con- 

sisting of an unassisted take-off before and after each assisted 

take-off.  'ihis procedure ...» ioxioved in -»et cases. A rreater 

number of take-offs was not carried out due t. li.c Halted time 

available for the fll fit  tests. 

fho RTOSS wel<$it of the airplane nas determined for each takr- 

off according to the method described in Appendix B. Although 

direct wei«hin<? for each test was rot possible it is estimated 

that the gross weight is accurate to within *  0.5>. 

It will be assumed, on the basis of test stand experiments 

at the Project, that each Jet ur.lt delivered 1000 lb. thrust for 

a period of PM  seconds. 

*he engine manifold pressure, propeller r.p.m., and take-off 

velocity were observed visually by the pilot nnd ire therefore 

approximate data only. 

i'he static thrust delivered by tin oronellers was measured 

(fins. Id and 19) by means of a tension .-a* borrowed fron the 

Structural Kesearoh Sepr.rtment of the Lockheed Aircraft Co. It 
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MM found that at an engine mnlfold preeeure of H2"Hg and ??00 

r.p.n. the propellers delivered nn average itatlc thrust of 5'^?5 lh« 

A discussion, in chronolor^sal order, of the tests carried 

out follows! 

April 9, 19'lg 

Test Ho. l: 'or the first operation of the Jet units the 

Tironellant tanks wero filled for a 5 second test. Ths nacelle 

cones covering the Jet Installations were left off. The airplane 

«as held stationary and the engines were run at half throttle. 

(Fi/;. 20) flie left Jet unit operated satisfactorily. Die rifht 

Jet unit ran for 2? second» nt reduced thrust and was finally 

stopped by the Jet operator, ''lie start of the rl^ht unit la -.-i>d 

the left unit by approximately !i seconde. The right Jet unit was 

inspected and it was susnected that netal chips found in the pro- 

nellant injector restricted the flow. 

April 10 * 

iast No. 2:  i'sst «0. 1 was repeated without the engines 

running. A-ain the rieht Jet unit functioned lnnroperly. There 

was an Indication fron the smoky Jet blast that the mixture ratio 

of the rieht unit fluctuated during the run.  'he ri<;ht unit was 

carefully inspected, but no Mechanical fault could be found that 

caused the faulty operation. 

April 11 

lest "0. 3: Test No. ?  was repeated and a^ain the rlfdit Jet 

unit failed to deliver Its rated thrust. Both units started to- 

gether ann the left unit rfJi satisfactorily. 

To discover the cause of the low nropsllant flow in the rl#;ht 

unit the propellent tanks In both units vere filled with water and 

a run simulated.  (Of. Fig. 21) The flow of water fron the ripfct 

I 



Pep. No. 12 
Paß» 30. 

unit WAS found to be fit .1 r-'te nueh lower thnn from the loft unit. 

'Ms Indicated that the chec-: valvos In the rl.'ht unit were restrict- 

ing the flow. Vpon renewing the check valves it was found th.it the 

ball spring were not of the specified strength and ur.'er the fead 

prc3suro had conpresse- to such an extent that the flow of each 

TiroTiellant was throttled. It was decided to completely renovo the 

c!.ec'< valves In the nronellant lines in both Jet units. 

Test No. h: *1ie static thrust delivered by the airplane pro- 

pellers was neasured. Ho*»>s were attached to the landi"-; rear and 

to a rape  which was anchored to an International Harvester Roustabout. 

At n nnnlfold preesure of U2"H~ and 25OO r.p.m. an average static 

thrust of 5925 lb. was recorded.        m 

April 13 

Test No. 5: Test No. 3 was repeated,and with the faulty 

chock valves removed both Jet unite operated satisfactorily. The 

propollant rilxture ratio WFB slightly rieh in both Jet units. 

Test No. 6« In preparation for a fli-ht to determine the 

yawinrr effect of 1000 lb. thrust delivered by one of the Jet unite 

a simulated ground test was rde with the airplane held stationary 

and tue engines at full throttle. The rl;ht unit wr.o run for ap- 

proximately 10 seconds and stopped. Then both units were started 

ani" the rl,~ht unit ran ansroxi-yuel" 15 seconds while the left 

ran tl.o full duration of 2h seconds. In this »ay an eccer.tric 

thrust loading was obtained first ->n the ri.-iit side and then on 

the left side. The pilot ws able to hold the plane in position 

with the bra.ua. He found tlv.t a lotr frequency vibration nevs 

noticeable when the Jet unit! were operating. 
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April lU 

last !o. 7:  "!'0 almlnne, -rlth the nacelle cone covnrln •*< 

IM tailed, nas flown frort the I'uroc landing field to the lake bed 

course. The Jot unite ware checked and a taxi run «as nade «1th 

the Jet units operating. (Cf. "1-. ??) Ac airplane reached a 

.ground «iieud of 135 n.p.h. In ?0 seoonds, the Jet thrust WPS stop- 

ped, and the airplane brought to a halt« -then the airplane reached 

take-off speed the pilot lifted the «heels off the /round and set- 

tled down a sain and continued the taxi run. The Jet units operated 

satisfactorily nnd the pilot had no adverse contents. 

lest i'o. 8:    The Jet units had the remainder of the nropellants 

amounting to approximately b seconds of operation, left over fron 

i'est to. 7> *t «as decided In the take-off of the alrnlane for the 

fli.fti to the hnn.'wr to onerate the jet units urtil the nrcnellante 

«ere exhausted. *oth Jet units operated satisfactorily. Cn check- 

ing the airplane In the han nr It «ns found that the cloth covered 

elevators «ere wrinkled.  Ill« elevators were sprayed «1th n ne« 

coat of dope which stretched out the «rln^les. The cause of the 

wrinkling «as traced to heat rndir.ted fron the luminescent Jet 

blast. 

April 1; 

Jest No. •)! A flight was -v=de In the air to determine the 

ynwln-- effect of Jet thrust delivered by one Jet jilt to sl-iulite 

the oonditi n thnt Mi -jit arise If one u--.lt failed dur in.' the cllnb 

after taie-off. (Cf. Fiß. 23) i^, rl^ht Jet urit «as started alone 

«hen the aimlar.e ras In a cll'thin • attitude at an Indicated air 

speed of 1!:0 n.p.h. After the right unit ran approximately 8 seconds 

the left unit «ns turned on. Since each unit had a propellant load 

I 



I •- 
OaLCIT IVoJ. Ho. 1 
Up. Ho. 12 

—w  

for 2U Meondi of Jet thruat the left wit Nil alone 8 eaoonda after 

the rl<-ht unit atopped. The pilot found »hat the yawing moment p 

produced by a alngle jet unit oould he eaally counterbalaneeed by 

the rudder. The right Jet unit was atarted at an altitude of 7500 

ft. • the airplane reached an altitude of 9000 ft. during the 

period the Jet thrust aotod, at a rate of climb of 1900 ft. per 

eeoond, aiyiroxliaately double of that obtained without auxiliary jet 

thruat. In the ollrab the Indicated air »peed ana held to I5O n.p.h.j 

correat)ondlnß to an engine manifold preaaure of 27"Hg and 1900 r.p.n. 

She pilot found that the weitet of the Jet ur.lt Installation 

oauaed the airplane to hare a stability between neutral and slightly 

unstable. Very little jet thrust vibration was noticed by the pilot 

and the jet operator. 

On ohecklne; the elevators no wrinkling was observed. 

Teat No. 10: The first take-off with auxiliary jet propulalon 

la shown in Fl". 2h.   Both Jet unite started together and functioned 

properly. Pilot remarked that alrnlane handled easier during take- 

off with Jet thruat than without. First oanera record of flight 

teata waa taken by the C.a.A. 

On checking the elevator surfaces it was found that the fabric 

had wrinkled again. A coat of dope was sprayed on and the wrinkles 

atretehed out. The airplane was flown to the hangar and the tall 

surfacea we o painted with two coats of fire-resistant italnt and 

then a coat of alualnlaed varnish. In ?lg. 25 the wrinkled elevator 

surface is shown and in Fi». 26 the elevator after tre-.tnent. Mo 

further wrinkling wna encountered during the Hirf-it teata after 

the traatnar.t waa apolled. 
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the •agin« the throttle was looiened and during last Ko. 17 »lipped, 

fron full throttle position to thnt this teet 1« not considered 

reliable for take-off performance conp&rleona. 

The lack of synehronlsatl"n between the starting of the two 

jot unite waa beeoning seriously objectionable. In cheeking the 

hydraulic ayetera used to open the propellent throttle valves It was 

found thr.t no vent had been nrovided in the oil reservoir, ^hen 

the accumulator was punped the reduction in pressure in the reser- 

voir caused air to be suoked into the hydraulic systen throuijh the 

hand punp. 

After a vent waa provided and the hydraulic systen bled the 

starting of the two jet units was shnchroniied to within less than 

1 aaeond. No further difficult? with synchronisation was erper- 

lenoed during the ren&lnder of the fll,-$it taste. 

April 21 

lest Ho. ltti Sane na Test Ho. IB. Both Jet units ran satis» 

factorlly. 

Vast Ho. 191 Sane as Test Ho. 18. Both Jet units ran satis- 

factorily. 

Tost No. ?0i Same as Teat Ho.,11. 

Test i"o. 21: Test to determine take-off nerfornanc« for the 

19.000 lb. gross woi#it condition without auxiliary Jet propulsion. 

This «roe» might was obtnlned by fill In' 1IV4 Tallone of f^Lsoline 

in the main -ps tanks. 

Test No. 82: Sane rvs Test ^o. PI with auxiliary Jet propulsion« 

Both Jet units ran satisfactorily. 

Teat "o. 231 Sane as :iest Ho. SI. 

Test No. ?U: Sane as 2est ->o. PP. 
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April 88 

tat* >o. 8^1 Sun M Sett la. 81. 

Tost >e. 86: Saae as Teat No. 81. 

Toot Ho, 27; 3&M H hit »o. 88.   Both Jot unit« spmM 

satisfactorily. 

Tost Ho. 33: Same at Tott Be. 81. 

Toet Ho. ag» Saaa as Toot Ho. 81. 

Toot Ho. 301    Toot to determine tsra off perforsmnoe for tho 

80,000 lb. groat weight condition without ancillary Jet thrust. 

This gross weight «as obtained by flllln/» the main gasoline tanks fall, 

by hanging tegs of lead shot In the forward bo-ib bay and by carry- 

lag Vn. Terbeck as a passenger In the forward boabadlar's seat. 

Tent Ho. 31i    Sane as Test Ho. 30 with auxiliary Jot propul- 

slon.    Both Jet units operated satisfactorily. 

Seat Ho. 38:    Sane es Test No. 30. 

lest Ho. 33:    Sans as last Ho. 31.   Hoth Jet un|ts operated 

satisfactorily. 

Test Ho. 3U1    Saae as Teat »0. 10. 

last Ho. 35:    Sane as Teat Ho. 31.    Both Jet units operated 

satisfactorily. 

Tost Ho. 36:    Sans as Teat *o. 30. 

April 8U 

lost Ho. 371 Sane as last Ho. 11 for the 18,000 lb. gross 

might condition with auxiliary Jst nropulalon. Both Jot units 

operated satisfactorily. 

Teat So. y.t   The airplane WAS flown to 10,000 ft. to determine 

the sffoct of mi-lllary Jet thrust on the mxlaun speed of tho air- 

plane.    (Cf. *lc. 38)   At an sn.'lns annlfold preaaure of 3U"Hg 

<    , 
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and 2300 y.p.m. the airplane had an indicated air apeed of 839 

n.p.h. The air tenperature «no 8°C The jot unit« ware than 

turned on« *hen the Jet thrust ceaaed the air speed Indicator read 

280 m.p.h. V. B. Powell operated the Jet unit« and t.  0. Crofut 

ooaerved the air apeed indicator lr. the tonfca&ler'e oonpartnent. 
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T.   BIS0U88IQ1I Of Ml »MULM Of '• 

*• 

UM data en the flight test« a« obtained fron the C.A.A. film 

analysis and by observation at the field are •urmarised tn tabular 

form on Pa<;e U of Appendix A. This table,4ncludes, for oaoh ran, 

the observed «round speeds, distances! times of run, wind speed 

and direction, outside air temperature, pressure altitude, and air- 

plane welfiht. 

Since a comparison of take-off performance of the A-80L with 

and without auxiliary jet propulsion Is of primary Interest the 

flight test data "111 be analyzed as observed, correction« belnfl 

aide only to reduce the data to zero wind velocity, The wind cor- 

rections for the take-off distance and take-off tine were obtained 

fron *ifis, 33 and 3U respectively. The figures are rcrirnc,'uitd 

fro-1 Reference 3- 

The air borne distances renuirefl to clear a 5" ft. obstacle 

have been corrected by adding the product of head-wind speed and 

the air borne tine and by subtracting the product of the tail-wind 

speed and the air borne tine. The variation of the wind velocity 

in the 50 ft. layer has been ne^leoted. The air speed at take-off 

le the al<>abraie sun of the ground sneed and the corresponding wind 

•peed. 

The wind speed and wind direction fluctuated considerably 

during each take-off and thereby contributed to the experlnental 

scatter that armears in the plotted results. 

The chances In cross weight of the airplane due to the 
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eonaumntlon of tfiaollne and the Jet propellants during each take» 

off have bsen neglected. Tha Jat propellants caused a naxlaua of 

1.69t reduction in .«TOSS weight at the tlma they »era exhausted. 

The flight test datA containing tha correction* discussed 

abova are summarized in Table  III. 

the variation of take-off nlr speed with ftroas »ei^ht ia plot- 

tad In 'i». 35 for the airplane with and without auxiliary Jat nrop- 

ulaion. The azperlnental scatter 1* seen to he quite lar^e. 

furthermore, all the experimental results consistently o'ow a 

greater scatter for the cane of no Jet thru-t. Perhaps this oon 

be accounted for by the inprovenent in take-off ebnractarlstioa of 

the airplane brought about by tha availability of ?WO lb. additional 

thrust from the Jet unite. 

The distance traversed In the ground run, the horizontal com- 

ponent of the air borne path to clear 5° feet,nnd the totrl distance 

from the point the broke» were released to tha point 50 foet tats 

oleared nre plotted against the airplane .»TO»B weight In Figs. 36, 

37, and 38 respectively. Distances required with and without 

auxiliary Jet thrust are Included ii these figures. 

*he take-off tine, air borne tine required to clear 50 feat, 

and the total tine reouired to clear 5° feet from the point the 

brakes wan? released nre nlotted n^slnat the airplane ^ross weight 

In ?l£s> 31). ^0, and hi respectively. Tines required with nnd with- 

out auxiliary Jet nropulslon are included in these figures. 

On the basis of the faired curves in the above figures eon- 

parntlve results showln.» the effect of auxiliary Jat thrust are 

given in Tables IV, V, and VI. 

Th» percent reduction, due to the auxiliary Jet thrust, In 
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TABU IY 

WITHOUT JET WITH JIT REDUCTION MB TO J] 

(BOSS Iff. 
LB. 

TAKE-OFF 
AUL SPSS) 

M.P.H. 

TAXE-OFF 

FT. 

i'AKE-OFV 
rriiE 
SEC 

TAKE-OPF ' TAKE-OFP 
DIST.         Tim 

PT.             SB. 

'TAKE-OFF1 TAKE-OFP 
DIST.        TIUX 
t                * 

17.500 1   :.i 15U0 18.5 »Wo 13.5 29.9 27.0 

18.000 II0.3 1670 19.3 1150, 13.9 31.1 28.0 

19,000 ll1*.« i960 21.6 1?30 15.0 32.1 3O.5 

20.000 120.0 2320 25.1 1570           16.8 ^2.3 33.1 

...- 

TABLE V 

WITHOUT JET WISH JET              ' REDUCTION DUE TC JET ! 

ORCSS Iff. 
LB. 

AIP BORNE 
DIST. TO 

CLEAR 50 
FT.,    PT. 

AIR BORNE 
ira TO 

CLEAR 50 
FT.,  SEC. 

AIR BOSSE 
DIST. TO 

CLEAR 50 
FT.,    FT. 

AIR if *' .•• 
TD!E TC 

CLFAR 50 
FT..  SEC. 

AIR BORNE 
DIST.  TO 

CLEAR 50 
FT.,     £ 

AIR BORNE 
TI'l TC 

17.500 111*0 6.6 750 »f.2 3U.2               36.lt 

18,000 1220 6.8 810 1».* 33.6 35.3 
19,000 lUlO 7-3 H50 5.0 32.6 3^5 

20,000 I63O 8.3 1120 6.0 31.3 27.8 

TABLE VI i 
-«THO'JT JET "I WITH JET .REDUCTION DUE SO JIT 

üROäS WT.   TOTAL DIST.  TOTAL TIME    TOTAL DIST. 
LB. TO CLEAR        TO CLEAR        TO CLEAR 

17.500 

18,010 

19,00C 

20,000 

' 50 FT., FT. 

2680 

29'« 

3370 

3950 

50 FT.,  SECJ50 PT., FT. 
— \ • 

25.1 1K10 

P6.2 I960 

2rf.9 2280 

33-3 2680 

TOTAL TIME    TOTAL DIST. TOTAL TDffii 
TO CLEAR     ,  TO CLEAR        TO CLEAR : 

V 
JO PT., SIC *)' PT.,  $ 50 FT., 

17.7 32.5 29.5 

. 1S.U y..k 29.8 

20.0 32-3 30.8 

22.8 32.2 31.5 
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the various distances and tlaes tabulated above la plotted agalnat 

the airplane gross wel*t In *i«s. u8 and U3. 

The C.A.A. equipment for recording the A-KJA airplane take» 

off performance nnde available dati on the horizontal and vertical 

position of the airplane at 1/S second Interval* fron the (tart of 

the ground run until a height of approximately 50 ft. eat reached, 

fron these date the fli,-ht path of the airplane nfter It left the 

ground and also the variation of the velocity and acceleration with 

distance can be plotted. 

In Figs. UH, U5, and H6 typical fllrfit paths have been plotted 

for three airplane rros» weight conditions with and without auxiliary 

Jet propulsion. The teste plotted In each figure have been chosen 

for approximately the sane airplane cross «eights. 

for the same teats the variation of air speed and acceleration 

with distance fron the starting point have lie en nlotted In 'IRS. 

47, Ug, and U9, and Flf^. 50. 51. and 5? respectively. 

The flight path curves ».re seen to be considerably steeper when 

the Jet thrust nas acting, however, the acceleration curves show 

that the excess thrust available was not entirely used to Increase 

the rate of cllnb of the airplane. An airplane before reaching a 

steady climbing flight after takln/r-off passes through a transition 

phase or "flare." The "flare" Is ended when the optlnun elitblnff 

angle IF reached and thereafter the acceleration of the almlane 

should have a zero value. A study of the fU/jht with curves and 

acceleration curves shows that the airplane was put Into n steady 

climb before the excess thruBt available for lifting was absorbed. 

Threo reasons can be "iven for not obtaining the ontimum Rngle of 

climb to clear 5r ft. (l) Sir.ee the prinary purpose of the fll^it 

\ 
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teits was n study of the operation of the Jet installation n detailed 

schefiulo for obtaining the ontliun performance out of the aimlane 

wns not rrepnred.    (?)    It wns Relieved Advisable, 'because of the 

exnerlnental nature of the fll.-ht test«,  to fly the airplane well 

above stalling sneod to rive the nllot an oTortunity to level out 

In case one of the Jet units failed.    ('O   A study of the O.A.A. 

flln showed that In the Jet assisted tnkvoffs the landin";   -ear was 

not co-inletely retracted, with >ut few exceptions, ur.til the 50 ft. 

hei.^ht had been exceeded.    In the unassisted tnko-offs UM   .'ear was 

asnally retracted by the tl-ie a height of Uo ft. tad been reached. 

ihroe flights were node In the air to detemlne the effect of 

auxiliary Jet provision on the perforvince of the airplane.    The 

first, Test   'O. 9i was carried out to check the ability of the ver- 

tical control surfaces  to balance the yaw tirociuced by one Jet unit 

alone delivering 1000 lb.  thrust,    The others, Testa No. 16 and XA, 

were nade to observe the increase in "ftxl-iu'i snood at ';0"o ft. and 

10,000 ft. resulting fron 3000 lb. Jet thrust acting for ?U seconds. 

The results of these tests Inve been described in Part IV. 

At 50<>0 ft. the Indicated air sneed increased fron ?.$? m.p.h. 

to 700   ,.'•••..     This correaoor, s t    ••-'.  l-oriv - • of \>    \<-.   nxl'Uri 

snaed.    At 10,000 ft.  the Indicated air speed increased from ?V) 

n.p.h.  to 2SO n.p.h. or 17-?,'J. 

The alrnlane did not reach the -"Axl-iui snend nossible by the 

addition of 2000 lb.  thrust due to the fact that the duration of 

the Jet thrust w-tt Halted to ~H seconds.    It ean be seen that the 

alrnlane was still accelerating when the Jet thrust ceased fron the 

plot of indicated air speed afloat tine in ?i". 55 for th<- fll-ht 

at 10,000 ft. 

. 
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VI.    COiffARISCK Qf ixmtffiiim. RESULTS JITH 'JHECRHXTCAL 

pRE,-isi'io!i3 CF BBB °f MBMMI JEi' i':ü{"s'; 

' 

An aerodynamic analyele of take-off and Initial cll-tb of air- 

craft aa affected by Auxiliary Jet rtfonulalon haa teen carried out 

by Hillllcan and Sie»sirt In Reference 6. the analysis In based on 

the studies of land'plane take-off nade by E. P. Hnrtnan in :<.A.C.A., 

T.H. 557. A airrpler -lethod for predicting only the effect of a 

constant auxiliary thrust on the reduction of »r^und run of air- 

craft ualn<; the sane basic asaunntlons lina been nronosed by Fischer 

and Ooffnan. This nethod consists of taking the fundamental eoua- 

tion of notion ftlven In Reference 6 and reilaclnc the excess thrust 

delivered by the uropeller, which normally virles fluriiw» the take- 

off run, by an average Talue.  Hie av- ra^e excess thrust Is taken 

as the ratio of the kinetic ener-v of the alrnlano at taic-off to 

the ground run distance* A chart -nrepared according to this as- 

sunntlon is reproduced in Pi.-". ^*. 

In the following discussion ttiese notations will be used: 

A B Initial accelerating tluvst for the norial alnlane. lb. 

D » i'hrust decrenent coefficient for the nor'ial air lane. 

Oj a Static thrust of nropeller, lb. 

F = fhrust deliTsred by Jet units, lb. 

2 
1: = Acceleration due to <*ravlty, ft. n«r sec. 

h = Altitude, ft.  ' 

30 = Tfke-off distance for normal airplane, ft. 

3(, » Horizontal distance to cll-».b to heltfit, h, for normal 

airplane. 
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t • Sim«, aee. 

T m Velocity, ft. ptr etc. 

•go * Inke-off velocity for anal airplane, ft. par aee. 

V • Vornal airplane eroes weight, lb. 

A.-/T, TO 

/*• • Ooerflclent of rolling friction. 

( )• • Kef era to Jet aeelated take-off. 

( )w « Refera to condition with overload. 

( ) • Refers to ellnb after take-off. o 

on X'alte-off Pjatyuaqa 

Tram Reference 6 the take-off dlitance for any load condition 

with auxiliary Jet promilslftn la £lven byt 

IV frf ^-^¥-Ä) (1) 

and the relative laying In distance due to the auxiliary throat can 

be determined fron the relation! 

£>*, 

^ 
£f(i -/if?) (2) 

va 
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aoeordlnß to the 'leeher-Coffman ' 
off distance for any load condition with auxiliary jet propulalon 

U «Ivan hyt 

5,1 "f&^ 
aal tha relatlvo aavlnß 

ln ai.t«M *M **• i
0•' 

S<fc - %* = i _ 

"lt> 

<M 

'fhe perf ormnoe factor» T> oad A la equation (l) can he deter- 

mined for the norml A-?CA on the bull of the exoerlnentally 

aeaaured take-off distance. 'Hie nornal gross nel,»ht «111 he 

taken ae 17,500 lo. 

B « 0,09 

A = 0.635 

'the factor *, the initial accelerating thrust for the normal 

airplane, la defined ae the static profiler thrust nlnus tha 

ground friction. (It la assumed that yU.= 1.02) 

a B C - u.a » 5925 - O.OB x 17.5• = 5575 lh. 

o/m t. 220a = 0-3& 
* I 5575 
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Faße 36. 

In Tattle VII the percent reduction due to auxiliary Jet thrust 

In take-off distance for different .TOSS weirints la co-mared with 

the velueB calculated fron equations (?) and 00. 

\ 

aoi sa 

ÜRCSS 
raiam; 

vs. 

SXPKKE.2KTA1 
REDUCTIOH IS TaKE-CTF HIST. 

rmrttA:!- 
STE'TART 

FISClüäR-cc.FP:.'A•.; 
aPPROXIIUlTK 

^ITHOI) # 

30.3 17.500 H9.9 31.3 

18.000 31.1 3?.0 31.? 

19.000 3?.l 3S.5 31.9 

?0,^00 32-3 1    33,° 3P.6 

• 

Fron -:.le VII It can ~w. seen that the percnnt reduction 

obtained In the fll.-Jit testa agrees exceeding.;.' rrell with both 

-lathnds of nredlcting the effect of auxiliary Jet thrust.    The 

advantage of the KtU lkan-Stonart nothoii lies In the possibility 

of calculotlnr. the reduction In take-off run due to auxiliary Jet 

thrust for any overload condition «hen the rvrnml take-off dis- 

tance is oioim for only one ,TOSB wei.iit.    'flie anproxlmte cal- 

culation, on the other hard, required a knowledge or the take-off 

distance for each overload condition before the correspondlnc; re- 

duction due ti >vuxlltary Jet thrust em be determined.    Furthermore, 

the Fischer-Cofm-in nethod le eultable only for predicting the re-    . 

ductlon In take-off distance. 

P.     affect of A.ixlll ry Jut  flirust aa -a^.-sf:  Vj;,a 

Fron Reference h the take-off time for any load condition with 

auxiliary Jet propulsion Is t^lven byl 
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t    = /3W I •r* 
**~2slö^)äz[ , 

+<* A V, TO 

. I fi>    B ' u 

Pofle ?7- 

t 
(5) 

I 

find  the relative savin,'* in tine by: 

<*< 

"•Oo. 
=   /• 

/M 

(A? 

In Table VIII the exparinentally observed percent reduction 

due to auxiliary jet thrust in take-off tine for different «70*1 

welf-nts is couriered with the value« calculated fron equation (6). 

•The factors in equation (u) have the same.numerical values as before. 

aaami 

UROSS 
«EIOHT, 

LB. 

KJcnauiiEüm 
fcBDUCTIOH lit 

tAKB-OJT fCB,  g 

'ÜLLIXAK-STElSm 
1 STOOD,   £ 

17,500 27.0 30.2 

lti.OOO B8.0 30.1* 

n.ooo 30.5 30.7 

20,00''; 33.1 n.o 

I 
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The reduction In take-off tine obtained experimentally a~ri>cs 

with the calculated remits very closely. 

3.    Sffect of Auxiliary Jet -liruBt on 

Pittance to Cllnb to a H,l>frt h 

Fron Reference 6 the horizontal distance reo.uired to cl l-it» to 

a height h with auxiliary jet proTiulslon la -Iren by the relation: 

S' = 0h        I (7) 

fte factor*  £u • n<>   ^ are defined and discussed in Reference 
2 

6.    The value of the tern (  I — fM"c' cna we determined fron the 

exnerlnentally Measured horizontal dlatnnce reouireri to ellnb to 

50 ft. for the case of the jiorml airplane for each /rosa weight 

condlti ".    ifce valuee obtained are e':own lr. 'i'able IX. ( 

tm rx 
„itOSS 

SSIOIEP, 
LB. o-$X) 

17.5'» 

18,000 

19,000 

?0,000 

'-.157 

0.135 

0.122 

0.111 

The relative savl-.,-* In horizontal distance required, achieved 

through the use of jet thrust, Is £lve.i by: 

5C - St' 

^ 

i = /- 
(•) 
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In Table X the percent red xtlon In the climbing distance re- 

quired to clear r0 ft. obtained fron equation (a) Is conpered with 

the results of the fll-'rt tests. 

my x 

I 

c 

ososs 

LB. 

•fWllli nroucTiaH 
in acanoBti BIKUOI 

10 CLEAR 50 n. $ 

'ttXUIXAH-STK'MF.? 
'tEJUCD,   ', 

17.5fO 3U.R C/i.G 

13,000 33 .6 72.1 

lq.ooo 32.6 *.7 
.20,000 310 76.U 

I'Hri experimentally deternlr.ed redaction lr air borne dlstnna* 

to clear <j0 ft. with Jet thrust Is seen in the table to be nach 

snaller than theoretical analysis Indicates should be emected. 

The experimental reduction Is not as lar^e as nosslble since the 

excess thrust iiade available by the J(t units was not utilised com- 

pletely for Increasing the a<v;le of clinh. The probable reasons 

for not absorbing the excess thrust have been ner.tloneri In connec- 

tion with the dliest ion of the fli ••"}»* •nath curves. 

Cn the other hand, the reduction nredlctefl by the theoretical 

analysis Is definitely optimistic.  In the Hillilcan-Stewart analysis 

the transition php.si- fron horlsontal notion to fll.-*ht In a steady 

cllnb was nerlected. This assumption Is valid only Then, with 

auxiliary Jet thrust, the horlsontal distance traversed durln-r the 

"flnre" is snail eo-marcd to the horizontal distance covered in a 

steady cllnb. 
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k.   Effect of Auxiliary Jet DiruBt on 

the Tine to Climb to a Height h 

From Reference 6 the tt-ie required to cliib to A height h 

with »uxll i-ry Jet wo•l«lon la -ir^n by the relation! 

, &> 
AVn 0-t.*th*. (9) 

JTie relation for the relatlre mrlnr In tine le Identical 

to equation (3). 

tc -£. 
0- eu*£)+ot. 

fx©3 

J I 

ihi  ..ercent reduction In tine to clear a hei -ht of 50 ft. 

<7ith auxiliary jet pronulsion obtained in the flight teats 1« 

co-inared with the values calculated fron equation (10) In Table XI. 

aufljt xi 

uaoss 
WEIOHT, u. 

aiPjutllUaWAl RKDUCi'ION IV 
TI'-I TO CLBU? 50 TO., * iYHOD,  < 

17.500 36.U 69.6 

IS,000 35-3 72-1 

19.000 31.5 7"».7 

20,000 27.8 76.it 

Ae reriarlca nad« In connection with the dlscrenancy of the 

» 

I 
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flieht test results with the calculated itduetlon In horizontal 

distance required te clear 50 ft. ap-ly also to the discrepancy 

apparent In Table XX. 

5. S£fju& at issliiHxiai Zbml aa «a. &&& 
Distance Required to Beach ft Helfot of 50 ££. 

To oonpnre the effect of Jet thrust on the total distance 

required fron the beginning of the ground run to the point 5° '*• 

«at cleared sith the theoretically predicted -value the unassisted 

distances ^ven in Tables IV and V are reduced In accordance with 

the percentage» cVrtn in Tables VII and X.    The results are 00a» 

fared In Table XII. 

. äHfiäi 
(»OSS KXmiUEiMU, OTDUCTIOH ÜIUIKA.IUSTWUBT 

«ICH», IK T0TA1 DISTaNCE, % UStBOS, % 
IB. 

17.50Q 32.5 U7.6 

18,000 32.H U8.9 

1^,000 32.3 50.0 

20,000 32.2 50.S 

Since the reduction in tnke-off ground run obtained In the 

flight tests a<?ees with tue calculated results (Cf. Table Til) 

the discrepancy in the redaction of total distance required to clear 

50 ft.  can be accounted for by the uucli larger distance taken during 

the air borne portion of the take-off ns is apparent In Table X. 

t 
: 
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6. Effect y£ Auxiliary £si QuSti fi& l&t IfiJAe. 

Tim« Ramiirad ta »each a Height of SO ft. 

Using a procedure »lillar to that described for the values 

given In Tall« XII th* raaulta shown In Tails XIII ware obtains!. 

TABU XIII 

moss 
TOOK?, u. 

BCPIHItaaiTJJ, RSDUCTIO» 
IN TOTAL Till. $ 

UDJ.IUS.STIWARI 
UKBDD, f 

17.500 89-5 UO.S 

18,000 S9.Ü «H.3 

19.000 30.8 Ul.8 

20,000 31.5 U2.2 

k 

The discrepancy between the flight testa and the calculated 

results In Table XIII oan be aooounted for by the «nich longer tin* 

taken during the air borne portion of the take-off to dear 50 f*« 

aa la apparent in Table XI. 

SSUBWW 

The flltfit teats of the A-20A airplane described and analysed 

In this report successfully accomplished the objectives thr.t had 

been aet up whan the Investigation« at the Air Corps Jet Propulsion 

Research Project Indicate* that a lw lb. thrust liquid propellent 

Jet unit wis ready for attach-ient on a service tvn» aircraft. As 

pointed out In Part III the pri'iary purnoas of the flight tests 

«as to obtain Infornatlon on iroblsns of installation and operation 4 
1 
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of Jet unit« on aircraft, la oanjunetlon «1th thai* studies' per- 

formance data «ere obtained eo that the effect of auxiliary Jet 

propulsion could be determined. 

'flio analysis of the flligit teet data In lart VX shove that 

the reduotlon In take-off dlitanoe and tine agrees «1th theore- 

tically predicted values very closely. She experimental reduotlon 

la air borne distance to Wear a height of 50 ft., however, wae 

only approximately one half the aaount that theory Indicated should 

be expected, the probable reasons for this discrepancy have been 

discussed In Part V. Additional flight tests »re necessary to 

determine the optimum reduction In dletanoe to clear 5" ft. that 

can be obtained from auxiliary Jet propulsion, 'llfiht teats for 

this purpose should be made with service type Jet unite Incorpor- 

ating improvements based on the experience already tpinod. 

Auxiliary Jet nronuleion when used to improve the take-off 

performance of aircraft can either reduce the distance required 

during the take-off nhases for the nomal .70s« wel^it condition, 

or held the normal take-off distance when lar=-e overloads have to 

bo carried. The tactical situation will deterilne for which purpose 

the advantage« of Jet promlslon should be used. 

then Jet propulsion equipment is utilized only during the take- 

off phase of aircraft flight the question arises as to the penalty 

that nl{£it be paid in carrying the simty weight of the equipment. 

At the prteent »ta.fr» of development tlie ratio of Jet thrust to 

empty «eight has a value of approximately 6.0. For the case of 

the A-20A the installation of Jet equipment for P000 lb. thrust 

would necessitate carrying a dead welrfit of 335 lb. 

It has also been proposed to desit^n the Jet equlpnent to fit 
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Inside a streamlined *ody that could 1M attached externally to tha 

aircraft and than dropued when the propellants «are exhausted. In 

this nay the «roty dead welz-ht would not hinder the fll.^t perfor- 

mance of the aircraft. Eurthernore, the enemy can he prevented 

from capturing the jet equipment on shot down aircraft and learn- 

In»; the desl'm secrets. The disadvantages of the drorable type of 

Installation lie In the greatar effort thr-t will probably he ex- 

pended In servicing and -laintenance and 1". the rcductiv of excess 

thrust delivered by the Jet unite due to &r&r, of the externally 

Bounted body. 

?or the case of the assisted take-off of heavily loaded air- 

craft the wel^it of a Jet Installation ear. easily he over-enphaslied, 

this can be polrted out «oat clearly by neans of the curve3 drawn In 

»IRS. 
r;"j and 5&. In F1-». ^6 the influence of <fi ,  the ratio of Ja* 

thrust to the full welffrt of the Jet Installation, on the useful 

overload thr-t can he lifted within the norial take-off distance la 

shown for a particular ceo. It Is apnarent tint the useful over- 

load Increases rapidly at first as tp Increases, lio-mvor, after (D 

reaohee a value of 5 the pain 1" additional ovcrlnad Is snail. 

The advantaft* of usim; auxiliary Jet tlirusl sur" lied by en 

Installation whose (D - 3  when full and (0*6 when enpty Is also 

clear. For the case considered the alrnlane would take-off In the 

nomal distance with a useful overload of ^ C lb. at the oost of 

carrying an enpty wulrfit of (tJO.    The necooelty of dropping the 

empty Jet In;till."tton nust be folded i>y the effect of Its weight 

on the flight rwi'oi-aance of the airplane. 

Due to the Uralter tie available for tho A-20A, flltfit tests 

oonprehenslve studies of the effect of .-.u*Ulary Jet thrust on 

<C* 



OUOOIt Proj. »6. 1 
Hep. He. 12 

rage «*5« 

hlf£i speed and rats of cllnb wore not nade. Testa should be 

carried oat with an installation dellverln.«: Jet thrust for a period 

of the order of one minute so that equilibrium fllfjit conditions 

can bo reached. 

Burin/; the flli^ht tests, heat radiated fron the Jet blasts 

caused the fabric cowering on the elevators to loosen and wrinkle. 

This difficulty Has eliminated by trontln» the surfnees with special 

paints. Hie difficulty coula nrobably be overco<ne by directing the 

Jat blast do-vnward. 'In this connection it is understood that In 

Ingland the Jet has been directed downward rith beneficial results 

also on the ta-'o-of f performance of thu aircraft. An 'analysis of 

the effect of the Jet anfile on the take-off perfornance should be 

undertaken. 

|l 

i „ 
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*iß. 1 — Front quarter view of the A-?(A airplane. 

Ilrt. 2 — B«ar quarter view of the A-2Q* airplane. 
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Fig. 5 _ Uajor P. U. Sana, pilot, and B. !!. 
Tanaa, Jat operator,  during the 
fli -ht  teste. 

' 

Ft.*. 6 — Parionnal In charge of fll-ht teati, 
fron right to left: Dr. Th. von Karimn, 
Major P. H. Dana. ». B. Powell, Dr. T.  J. 
ilalina, Bnd Dr. U. Sunnerfleld. 
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Ple- 7 — Flight test personnel. 

' V 

J"lß. 3 — lanr quart« r vie» of the 10"0 It. 
thrust, 2:i »econrt Jet notor. 
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Tie» of the Jet unit Installed 
an the alrpliuie. 

I 



?1.:. 13 — Side »lew of Jet unit Installed 
In the nacelle cone i th the cover 
In plaoe* 

' 
'1«« W — Hear vie» of tho A-pfiA „.__, 

S52 afar5«* sr« 
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2&r»  5/1. 

?i -. 15 — Nitrogen tan .3 mounted In the 
fornard bomb bay. 

i -. ! — Hydraulic «.-„t«-, ln renr bonb 
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fig. 17 — Jet Installation control« and Instrument 
»anal In rear gunner'a ooeknlt. 
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Page 5*' 

Fig. 19 — View of s»E» used to neaeure static 
thrust of -propeller*. 

ylc go —. First operation of the jnt unit« with 
the airplane held stationary. 
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Pi-« '.-I. 

Fir,. 21 ~   Vater test  to   i   tervne cauie of low 
rat« of pranollant tIon from ri -),t 
jot unit. 

«c the start of OuTuJl    ^^ >:" 'W run. 
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PiiAt^' 

T1R. 23 __ Vie* »* *•" 
t„t i» *"'-ht- 

T,r0fwT«Voiv. 



«««" P*oJ. No.l 
"•P" Ko. 12 

p«e« bi. 

'1*. 25 — Slevator fabric looeened by radiant 
heat from jut blast. 

fig. 26 ~ Elevator after heat reel.tant treatnent 
aimlied. 
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Fa(»e 62. 

fl_   pg — Asilsted take-off during ground run. 

/ 

•MM       ^^r—^^ 

?lg. 37 — J^2°* Wrtnff-o« without auxiliary 
.let mrorulelon. 
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*&n» 6*. 

"l.T. ?9 — Assisted tnke-off during ground run. 
Sid« view showing ill« of Jet blast. 

1 

tig, 30 — A-20* nt «tart of ell-» assisted by 
Jet thrust. 
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PART I 

Purpoae  1-A 

location and Date of Teat»  1-A 

Equipment  1«A 

Peraonnel Participating In Teat«  2-* 

Randts  3-A. 

MRX II 

Reaarke Regarding Setalla of Vila Analyaie and 
Calculation«. 

General  7-JL 

Take-Off Point  8-A 

Elevations  10-* 

Calculation«  10-* 

Film Analyaie  >oric Sheet«.'. 11-A to 59-* 

1 

% RVEIUUICIS 

(l)   Military Projacta Sarlea Army Air Porcaa Report 
Ktuiber 2 - "Inatallatlon of Equipment for Re- 
cording Airplane Take-Cff and Landing Character- 
latloa at Uuroo Bonbin/» and Gunnery Range, 
Roßer« Dry Lake,  California." 

(?) Flight Engineering Report Nunber It- "C. A. A. 
Equlriraent for Recording Alrnlans lake-Qff and 
Landing Characteristic«." 

• # ' 1 



JW*1-A 

PAM  I 

pjxresE 

»TIH purpose nf this remrt Is to present the results (s'*\ce tine 

records) of the analyst« of the film exnosed,  during ?';. take-offs of 

the A-2 )-A airnlane at ''uroc Cry Lake,   in the C.A.A.  ca-ieras for re- 

cording alrplaae take-off and landing »wfonanoe,  and to furnish the 

observed ground data recorded by the rrovuw1 cmr operating the camera 

oquipner.t. 

In addition to the since  tine records the actual /ground srieeds 

are also calculated for all onrtionp of tho runs analyzed« 

fcyfiftya?" AB am g am 
l"he test flints were nr-de on the 12,000 foot test course at 

i-Hiroc Dry Lal<e,  U.  S. Air Forces Bonbln;; and (tannery K-n£e, ?'uroc, 

California (dnscribed lo ""•llltary Projects Series Arny Air Forces 

P-enort No.  2g) fron A^rU 15 to Anrll sU,  I**?.    Um flln analysis 

was r-ccotmllshed with the aid nf the projector set-up located nt the 

Santa Monica office of the Civil Aeronautics Administration during 

the period fron April 27,  I9U2 to Hay '1, ViU?..    ''•'he oaloulatlons were 

n^de at the Santa "onioa office and at the Arroyo Seco Rocket Camp of 

the California Institute of Technoloiv,  Pasadena,  California from 

l!ay 5 to May 3,  lql». 

KC.lUP.Ü:.i 

The distances,   tines, and airplane sneeda listed in the tabu- 

lation,   "Sunnary of Hosults",  Pin-TO ^, wore obtained "hoUvTanMeally, 

tul ..; the Civil Asror.autlc« Adninlstrntlon notion picture centra 

equlpnent,  projector set-up,  and field layout described In C, A, A. 

I 

I 
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MM 
ftie results obtained from the flip analysis and the ground crew 

notes «ill he found sunnnrized in tabular fern on Page ;»-A.    This table 

Includes, for each run,  the observed /round speeds, dlstanoes,  ti-es 

of run, wind speed and direction, outside air temperature, pressure 

altitude, and airplane weifet. 

Plots of «ground run and distance to clear A fifty foot obstacle 

against airplane vel#it nay be found on !*a.-i-s '.-A and   i-A respectively. 

The data of Run 17 have not been entered on the fraph, as the 

pilot reported after this run that the throttle was  Incorrectly set. 

It should be noted that the surmary table on Page **-* and the 

data plotted on Pa^es 5«* and 6-A do not Include the distances corrected 

for such variables as wind, outside air tevnerature and Pressure al- 

titude and that  in all cases only observed data are shown In this re- 

port. 

Typed copies of the filn analysis work sheets for all SJ runs 

are lncl .ded on fttges 11-A through 51-A.    Each run Is desi mated by a 

"Hun" number which n^ees with the run number used in the sunnr-ry 

table. 

It will be noted that all runs have been analysed  thrmi.-hout 

In order to permit obtaining complete acceleration datt.    Althou/di 

no plot Is Tide of the latter results in this re-ort,   this basic 

information is furnished in order to Tier it further study of the 

accelerations obtained during the take-off run with and without 

assistance fron the Jet propulsion. 
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PART II 

RB'AEKS RküAKDIliO PgCAltS OF tlV AKAUSIS AMD CAUWUTIOaS 

ijaneral 

tot all the flln analyses the airplane reference rioint for horl- 

tontal distances nan the Rudder Trailing Ed»o, taken at the level of 

the top of the fuselap», and for vertical distances, the tot) of the 

tail.    Since the *?lnr, 'take-Off" (take-off poln* noted by ground ere») 

rosltion ref *Tr«r  to the wheels,  the f \la reading of the *H»n Teke- 

Off" a« read and as typed "<ay be corrected to the rudder trailing 

edge by addln«; '7 feet in the case of Runs 18 to 3r(*Mt to fleet 

Buns) and subtracting ?7 feet in the case of Huns 10 to 17 (fleet to 

Saat Runs).    (Markers nre numbered coneed.vtlvel • with the nagnitude 

of tin numbers increasing fron Vest to -East.) 

All hori»inta\ distances taken fron the "left camorn", which 

war set 100 feet aray from the conventional position (Rune 30 to 3*0• 

read 100 feet niftier than the fInures appearing on the field markers, 

liavever,  the distance values of any one run are consistent among them- 

selves.    (This 100 foot difference is due to the fact that the mrlc- 

ere •*• so located th>t the 50 -Wirker, or center of the course,  is 

opposite the rl.-'nt camera station.) 

In certain runs (20, 2d, 2 0 the data did not record the exact 

start of the airplane, due to Invisibility of the starter's sl.!*nal. 

In these cases, the starting station and tine «ere satisfactorily 

extnvnolated backwards by fitting a parabola to the tine-dlatnnce 

curve, and solvln-* for the vertex of the marnbola. 

I 
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Cn certain films the airplane failed to reach 50-foot height 

within the established Darker cours«.    'or fUna In which this gap 

wae siatl,  extrapolation of the climb o rve wae used.    For the larger 

runt (Runt ?3,  30, J2, }6) the following exnoo.ie.it was adopted) 

An extension scale board wae calculated and laid out extending 
the ecale board etatloni fron Marker 27,  the normal Unit,  to 
•Virker Pf>, and with the film in the projector,  land-arks, -ilr- 
rage reflections, and terrain elevations were then correlated 
with the last marker.    The elevations and horliontal distances 
thus determined had an accuracy better than 5 »nd 10 feet re- 
spectively. 

i'he weights tabulated In the su-nary table were based on an 

original wel -Mn,; of the alrnlane at fright field before the In- 

stallation In California of the Bocket Kotore.    Subsequent weights 

were estimated by the California Institute of l'echnolo.y Bocket 

group, by allowing for additions of structure, equipment, fuel,  and 

personnel carried by the airplane In each test. 

fhe apparent airplane dimensions analysed In the films for taxi- 

ing attitude (excent as noted), at Darker #50 ware: 

fflieBl Axle to Tall Reference Point, horixontal .......•   '( feet 
Bottom of «heel " "    , vertical • l.. feet 
C. 0. to      • " "    , horizontal » 31 feet 
CO.     "  "     "    • , vertical = 9.5 feet 
C. 0,     * Bottom of Whesl " , vertical • 8.5 feet 
C 8.     • Tall Reference Point,vertical ffli -lit 

attitude)  7.5 feet 

(The C. 0. was assumed to be under the oockplt and at a 
level slightly lower than the wing.) 

Tako-Off Point 

Ihe take-off noint used In Part I of this report Is that deter- 

mined from the "flag" position since the film analysis indicated 

that, because of «round mirage and the r&ture of the flight nath of 



11  • 

the almlane during the period of breaking ground, the actual take- 

off point could not be definitely ascertained toy photo -roi-hlc means. 

It should be noted, however, that the "fine take-off" point 1* 

also t.ot exact. Sone Idea of the probable naf^nitune of the differ- 

ence between observed take-off points and the actual take-off nolnt 

nay be indicated by the following information obtained on Bun No. ^U. 

OH this test the fll-i Indicated a take-off nolnt somewhat closer 

(125 feet) to the starting point than the Via* take-off" point. The 

film records for Run >o. 3U «ere exaialned with pnrtlcular care and It 

Is considered th-.t the "film take-off" point so obtained la probably 

•»re nc-arly the correct looatlon for the actual take-off, 'Ails In- 

stance Is cited as an example of possible error by «round crew spot- 

ters and In order to furnish some Indication of the probable accur- 

acy of ,:ro"nd run distances shown In the summary table of Part I. 

'fhr above mentioned difficulties encountered In determining the 

exact taka-off point are here recorded to provide Information In or- 

der that the proper significance may be attached to «round run dis- 

tances and It Is su. vested thrt the differences noted above in ob- 

served take-off distances nre simifleant only In Indicating that the 

reported ta^e-off distance Is not an Infallible criterion for compar- 

ing ground run accelerations and that a nore satisfactory oomnprlson 

nay be mace by determining speeds attained at i^lven distances nlon<- 

the fllabt pith when the height of the airplane remains essentially 

unchanged. 
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Page 1»^ 

Elevation« 

In the 3. '.Tirizefl daf It has been neeumed that the airplane has 

itt landing .Tear retracted whan el oar In/; a 5°-*oot obstacle. ?or ver— 

tleal elevations It waa f-mnd that with the airplane In cli-iblng atti- 

tude the fil-i analysis reference point was 1? feet above the lowest 

nolnt on the alrclane. 'therefore, on the work sheets, a referenoe- 

point elevation of 62 feet correanonda to clearing a 50-foot obataole 

with wheels retracted. 

The worksheet notes recording elevation of the airplane reference 

TWlnt Include.the 1/2-foot correction for n-inront. elevation of marker 

ed^o above (»round level. 

Calculations 

Velocity calculations *ore bnsad on Intervale of five successive 

film re- din o». Por the filna having four exposures ner second (all 

runs except 17,'and 30 to lb)  this corresponded to one aecond Inter- 

vals. 

m 

PREPARBD BT: Ur. Ellahn H. falos and 
I'T.  Norman N. Hub In 

A PROVXD BY. 
Chief, 'llrfit luln—rllt and 
factory Inspection Division 
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18.5 
15.8 
15.5 
ie.2 
17 
ia 
i. 

3361. 

3J0I.S 
3982.6 

36 

ra 

»a 
.JlZ 

..J 
• 1 
72 
•7 

4125 
aa 
»3 

423t; 
7j 

üo 
:lj 

SO 
«Id 

74 
493Ö 
S7jo 

37 
•JH3S 
4810 
1947 

OS 
5023 

62 
5101 

1. 
M 

&2Ü7 
70 

Hi' 

».36 
•51.30 

.ra 
32.25 

.74 
33.22 

.70 
34.18 

.36 
3ä.l4 

.G2 
36. lj 

.83 
37.05 

.34 
30.02 

.61 
3J.M 

.48 

.37 
40.4« 

•n 
41.42 

• i/0 
42.39 

.87 
43.38 

.34 
4-..32 
44.06 

.81 
4*. 06 

.30 
.   j 
.78 

46.02 
.26 
.61 
.78 

47,00 

.1 
.<; 

8.6 
10.8 
l.v. ' 
22.J 
2S.3 
34.C 
40.1 
44.3 
w«6 
SS.7 
63.0 
66.J 
74.7 
60.2 
85.3 
98.2 
»8,0 

104.« 
110.; 
ii-. 
133.1 
1J0.1 
1-8.1 
142.0 
1-iS.i 
161.3 
162.4 
lSj.l 
160. i 
1   -. 
168. j 
171.3 
172.4 
172.4 
174..; 
17i.a 

176.6 

tart. 
>'aJco-o?f i-'.ad fro. flar,. 

Oat« an.    . 

THk-0ff '••« fr« flta. 





I 

A DP LA _ 

LOCA;ION_^ 

TD'r OK J:AY 0» 
DATE OF T?3t __ 

«LYi:!  BY 

IHM  . r-,   u»ko 

Psm 17-A 

Shnt 'to.  2,-j. 

Kun 13. 

. S\ 

-19-« 

0 SBC' 24.30 
348i 
.1. 1 .. 1      23.28        7.3 

70 •76      12.6 
76 26.23      17.0 
B7 •71       22.1 
JS 87.1»       27.6 

4012 •66       31.B 
28 28.12      37.« 
47 •S«.       41.7 
S3 Z*.je       46.6 
90 •63      4J.7 

4113 • k"       6.4.2 
40 30.46       »8.4 
~l •-2      63.3 
M <M.38      3».5 

4231 • 84       72.6 
66 32.30      76.i 

iKM •73       30.7 
41 HiM       -, .•• 
02 • 71       W.7 

4424 34.17       J4.1 
.-,.i •63         r'l.j 

4 516 »B.M    103.2 
6» .56     106.» 

4617 36.06    111.2 
70 >ü    115.3 

472B • >8   iii.;o 
«3 37.46    12o.a 

mt •M    123.0 
4*03 38.40    Hl.l 
ljri7 30. B7     l.'6.3 
Ö0S2 3i.S6    13«. 8 

M • 83    l;   .2 
! 5160 40.30    143.1 
! S204 •63    14».8 
1 SJ •77    183.2 
17. 8 76 41.01    IM.6 
1»*.S SUI • 24    166.(3 
13.B i' .48    165.6 
1 67 •72    läe.3 
1  . 5424 • »16    laH.8 
1 •. 62 42.20    lrtj.ü 
1 ••UJ. .48    161.8 
1 • 3 •67    164.1 
I".i 7i •'2    153.8 
1  .8 6616 4J.1       166.7 

irk«. 

Start. 
•"•**»-off raaa  fron nac. 

Tmkaoff rsad fron film. 

I 

• 





1 
Pa»;« n-A 

HUT AKAI.V3JS 
3»»»t !Jg.  1# 

> 

17.a 
lr.o 
is.» 
1 .:, 
16... 
16.0 
18.0 
16.0 
16.0 
16.3 

so-:o 
5118 
3541 
3942 

'Mr, 
K47 
3&52 
MM 
S97,', 
3...: 
4J] 

4037 
•iO'.' 
H II 
• i.. 

4167 
4107 
42o2 
«U! 
4852 
4407 
4467 
4630 
46&S 
4666 
4702 
47Sj 
4777 
Mia 

, 4.i. •; 
•l--. .... 
•u .v 
4er« 
4977 
•887 

«40 
r] 

ü083 
J106 
o!2T 
o»0 

'.2.1/.. 
43. JO 
44.00 

.00 
46.1/ 

.73 
46.30 

.46 
^7.42 

•M 
tt.M 
4b. 11 

.67 
•0.22 

.78 
61.66 

.02 
->2.48 
''3.03 

.60 
34.16 

.73 
•• .r. 

.86 
66.1« 

.42 
.90 
•M 

67.2B 

.84 

68.11 
.27 
.4] 
.Sr 
.?.- 
.;>o 
.»7 

•-J.11 
.?( 

2.7 
8,8 
9.4 

18.8 
20.4 
27.1 
33..'. 
38.1 
46.3 
62.2 
6d.S 
64.3 
6'J.J 
75./ 
62.2 
6ß.i, 
36.0 

101.8 
lo ... 
us.i 
12J.4 
126.4 
130.6 
1J0.7 
133.3 
13C.1 
131.6 
141.0 
144.7 
14-1.3 
148.1 
l.V..i 
1<7.« 
168.8 
lbl.6 
16S.4 
1C1.J 
187.9 
1-'   .i 

I 



» 

• 
p*«.aou 

Shaat Vo. 1 (Snpp.) 

Uli». *l«t 
,     »Mr 

»tt. 
ft/a«. Kamrka 

16.0 
I6.5 
I6.5 
17.0 
18.0 
18.5 
19.0 
19.5 
20.5 
21.5 
22.0 
23.O 
25.0 
25.0 
26.0 
36.5 
28. "5 
32.0 
35-0 
38.0 
41.5 
1*5.5 
48.0 
51.O 
53-5 
57.0 
Go.«; 
62.5 
6b. 0 
69. »5 
75.0 
77.5 
82.5 
86.0 
91.5 

5173 
5195 
5218 
5241 
533"» 

py 
5*5«» 
5503 
5551 
5601 
5650 
5700 
5751 
5801 
585>» 
5906 
5959 
6011 
6064 
6117 
6170 
6224 
6277 
6331 
6386 
644l 
6498 

S5 
6668 
6726 
67« 
684l. 
6900 

.40 
•55 
.68 
.83 

60.41 

.83 
61.11 

.68 
•95 

62.24 
, .53 
62.82 
63.IO 

.38 

.67 

.15 
64.23 

•51 
.80 

65.08 
•36 
.64 
.94 

66.2? 
.51 
.80 

67.08 

Ä 
.q4 

68.22 
.51 
.80 

159.6 
15b.9 
159.4 
164.6 
I63.5 
I8O.5 
172.«» 
169.3 
I74.I 
173-5 
172.8 
175-1* 
173-9 
178.9 
ISO.7 
184.1 
IS5.8 
185.3 

feka-off md fro« 111a. 

186. 
186. 
188. 
148. 
187- 
189. 
188. 
190. 
196. 
19«. 
200. 
200. 
201.8 
1)9.1 
200.0 

Bight hand roctat off. 

Hot«) Itarettla alippad 
part way eloaed during 
run. 

Laft band roekat off. 

Jati en at tlaa 41.98. 



II 

Alm*«^ fcgfeA t 

LOCATIOll l&ro^Ji 

Mitt OP DAY 0-< TEST x. 

FHa AXALTSI3 

AIRPLAHB IDIOT., 

BAIE OF TBST 

IV«« 21-A 

Sheet No. 2. 

• »MB 1«.  

JbSLdiS- 
JLUO A. -c _AliALYZB> BT 

H«l/*t 
Ft.» 

0 

18.0 

17.5 
17.5 

16.5 
I6.5 
15.5 
16.6 
17.5 
19.5 
80.5 
82.0 
8U.0 
P6.0 
88.0 
31.^ 
35.0 
39.5 

Diet. 
Ft. 

6167 

6l<.'6 
6165.5 
6I65 
6165 
610+ 
6161 
6157 
61U6 
6131 
6110 
6O1S5 

6053 
6017 
597« 
5935 
5885 
5S3Ü 
5778 
5713 
5653 
5588 
^508 
563O 
53&s 
5305 
5863 
581? 
5175 
51?9 
5088 
5O3G 
1*987 
1*938 
1*887 
U836 
"•785 
U74 
•*6*> 
U631 
1*577-5 
VuSq 

Wtl5 
l»36o 

Tin« 
S«c. 

3.03 

3.35 
3-35 

.67 

.98 
>».30 
.61 
.98 

5.8>* 
.87 

6.1*8 
7.10 

.70 
8.38 

.92 
1.55 

10.1$ 
•7U 

11.32 
•90 

12.1*8 
13.08 

.67 
H+.86 

.85 
15.1*5 

16.« 
.3? 
.68 
.89 

17.80 
•«•9 
• 78 

IS.07 

'.h> 
.95 

19.83 
.58 
.=!0 

80.08 
80.J6 

.65 

.91* 
81.8? 

••1. 
Ft/S,c. Bamrki 

Start 
Fla« 
•Tata on 

1.6 
3-6 
6.3 

13.6 
81.7 
89.3 
38.0 
U6.7 
53.9 
61.5 
69.1* 
76.3 
85.I 
98.7 
99.1 

107.8 
114.4 
181.5 
188.7 
l?»*.6 
141.5 
lUU.6 
l'»8.7 
1«5»*.U 
156.0 
156.U 
ir.i.8 
lnl.9 
I6S.7 
17\9 
17.?.6 
175.9 
178.3 
179.8 
1B-S.6 
I85.8 
1'8.5 
189.5 
190.8 
198.? 
in?.8 

'True Slav, above around,- 
.*r' apparent elev. base. 
Line nbOT« «round ha» 
been added. 

Trailing ed^e and top of 
tall used as reference 
point« for dlitnnoe and 
hoi »Jit. - 16' above «round 
at take-off, 11' above 
lowest point at 50* 
obstacle. 

Take-off 





»»» e>* 
«Ut A1IALYSIS 3h*«t *o. 3. 

AIXPUHX       A-iKMk AIHPUUU IOBT.            '    &m 10 

LOOiTim     M,irnr jVr r**n DAIS OT ns?            U.P1-U9 

SIIUB cr BAY OB VEST NO.    qtOO A. .,      AIA^Y am BT 

H«i^it Slat. Time V.l. 
Ft. 7t. Sac. Ft/8,o. Raaarki 

0 6O73.5 
1*898 

6075 

35-36 

35.65 
36.20 

Start. 
Tako-off raad fro« flag. 
•Uta on. 

6O7O •77 ll*.l . 
6O59 
60Ü7 
603I 

37-33 
.88 

19.8 
26.7 

38.1*2 32.7 
6011 .98 39.1 

U6.3 5987 31.53 
1+0.03 5961 53-5 

5930 .60 60.9 
5395 1*1.15 69.3 

76.1* 5*56 .68 
5812 1*2.23 S4.0 
5765 ,  •* 91.0 

Ul.28 97.6 
.SO IO3.3 

5606 1*4.31* 109.8 

5&S1 
.89 

1*5.1*2 
115.3 
122.7 

5>H5 
U6.ll 

128.7 
53>»7 13M 

17.5 5312 1*6.72 138.5 
5276 .98 139.6 

lU3.lt 5239 1*7-25 
5199 .51 11*6.2 
5160 • 78 150.5 
5121 48.04 151.0 
50(51 .30 15^.8 
5*2 •55 156.7 

15.5 5000 
U958 

.82 158.1 Saka-off ra&d froa t11«. 
15.0 1*9.08 162.9 
15.5 1*915 •35 164.5 
16.0 U371 .60 168.2 
17.0 kSP.h -59 171.0 
18.5 U77« 50.15 170.6 
19.5 1*732 .1*2 173.6 
21.0 U6;>5 .69 173.6 

17Ü.5 ?2.5 i»6i+0 •95 
25.0 >»59l* 51.21 177.9 
27.5 l*5i*7 .1*8 179.0 
30.5 
34.5 

1*500 
1*1*52 

•73 
52.00 

183.7 
187.4 

37.5 
41.0 

4U03 
lt35fc 

.25 

.51 
I87.6 
193.1 

U5.0 U303 .78 110.5 
i+9.0 1*255 53.02 igi*.a t 

1 



»••• Bo.  3 (Supp.) 

Bolj*t 
Ft. 

5"*.o 
59.0 
63-5 
58.5 
73.0 
77.5 
81.5 
UG.5 
90.5 
95.0 

Slit. 
Ft. 

UP03 
•'IK? 
4101 
UOl« 
3996 
3<M 
3891 
3^37 
37* 
3728 

Tim« 
Soc. 

Val. 
»t/Soe. 

• 30 
.55 
• o'2 

5^.09 
5"*.3i; 

.60 

.87 
55. is 

.65 

19>».2 
193.5 
197.1 
19a. 1 
200.0 
204.9 
S03.8 
»5.7 

79.0 

a«wrin 

160.0 
l6s.o 

291*0 
2J25 "S *4«ht jot off. 

loft Jot off. 

MilWIMiAMMMUMll 



1 

Hg» 35-* 

AiimiM      ***** 

LOCATIOH Hume Pry hfl« 

fllM AHU.T8IS ' Sheet Ho. U. 

 ^anrna PIKT,     ihn ?o. 

JlaTü 01" i'SSl' 

TIMB 07 Dar OR »ST HO.      q»3n A.v,        AMII.T^T, BT 

'HBl-m* 

ft. 

17.5 
17.5 
17-5 
17.0 
17.0 
17.0 
15.5 
15.^ 
l>i.o 
15.5 
16.0 
16.5 
17.5 

»let. 
TU 

60l*0 
4863 
6031 
6021 
6009 
599? 
597> 
595>* 
5930 
5905 
5877 
5846 
5«i4 
577« 

3fi 
5660 
9616 
5571 

5>»19 
5365 
53.08 
584s 
5186 
5183 
5057 
*9«9 

. 4921 
484g 
|»776 
U701 
"»685 

I15?5 

SS 
1*1*23 
l*3>8 
1*31*0 
1*899 
1*857 
>*2llt 
U170 
Ul?7 
'tag 

Tlae 
SM. 

8.05 

8.57 
9.09 

.60 
10.13 

.61* 
11.15 

•67 
18.80 

• 78 
13.85 

• 76 
14.28 

•79 
15.38 

.88 
16.33 

.83 
17.35 

.86 
18.37 

.88 
19.3« 

.89 
80.1*0 

.90 
21.1» 

.98 
P2.U2 

83:S 
84.45 

.70 

.96 
85.80 

.46 
•71 

86.21 
.1*6 
•78 
•97 

•73 

V.l. 
Tt/Ste. 

18.3 
2^.2 
?7-5 
32.5 
38.8 
1*1.8 
U6.6 
51.1* 
55-5 
61.1 
65.7 
09.6 
74.s 
79.0 
tS3.3 
88.2 
98.8 
96.6 

100.5 
105.9 
110.3 
11U.8 
119.8 
123.0 
127.6 
131.8 
H<5.0 
H9.8 
142.6 
l'»5.8 
1^9.7 
1J3-7 
155.? 
i>?9.4 
160.1* 
164.6 
163.4 
1GB.0 
164.1» 
164.7 
164.3 
16*.6 
172.3 
i7?.a 
17I'.5 

Reaarke 

Start.    (See Note) 
Take-off read fron flag. 

Take-off read fro« f11M. 



fc*»awi 

MM"     •$ 

Sheat Ra. U (Supn.) 

H«i«ht Dltt. IlM V»l. 
Ft. rt. s«e. Pt/Sec.                        Rwwrln 

18.0 ••036 21.00 17«!.2 
19.0 399? .2U 17912 
20.5 39^7 S ld3«7 
22.0 310? 131.0 
21.0 
2>i.5 

li|56 .98 n2.o 
3S11 29.2>« igl».0 

26.5 
29.0 

3765 
371.« 'S liS'5.2 

lio.l 31.5 3671 •9n 188.1 
»1.5 3623 30.25 190.1 
35«5 3575 .50 190,1 
37-5 
39-5 
1*2.0 

3526 
3*79 
3M0 

.75 
31.00 

.25 

193.0 
193.0                                                         • 
192.0 

UU.5 338» .50 I9I1.O 
>*7-5 3'3>» 31-75 19U.0 
U9.5 3285 .99 196.0 
55.0 
57.5 

3236 
31B6 

32.25 
.50 

198.0 
I99.O 9 

61." 3136 • 75 201.0 s 65-0 308U 33.00 201.0 3 
67.5 3033 .26 202.0                                               ••"' ; ' -'•   '   • 9 
72.5 2981 •52 200.0 IB 
75.5 2930 • 77 201.0 '9 
do.5 2480 3>t.02 2O5.O 9 
J2.5 2830 .27 206.0 ^B 
Ü8.5 2776 .52 H 
91.0 21& •77 OMMT* lUrUd lata. 9 

•tart oaleulatad M 6050 
fast, 6.58 laoondt. 





«£*•' 

1; 

t 

i < 

Hgß 2S-A 

. 

•hot He. 5 (Supn.) 

H«lght Oil«. IlM V.l. 
Ft. T%. S»c. Tt/Seo. Han»rfcc 

15.5 
16.0 

J*3<12 .w» 153.5 
435I* .69 15?.? 

159.4 . I6.5 J*315 .  •* 18.0 4275 1+2.20 I54.U , 
18.5 4231 .45 155.3 
19.5 4195 •72 157.8 
21.0 
23-5 S£ 1*3.22 

154.4 
l§?.4 

25.5 1*072 .US 161.8 
27.O 40U .73 160.2 
P9-5 3990 .99 161.8 
3I.5 39>*9 44.25 162.1 
3*.5 39l17 .50 I63.I 
36.5 38b4 , •* I65.O 1  * 

«.5 
I+1.0 

3822 1*5.02 I63.8 
3779 .28 I66.3 

U3.0 
UU.5 

3735 
3691 

.55 170.2 

.80 172.8 
46.5 3*5 U6.O6 174.8 
i*8.o 3601 •31 176.5 
50.5 3555 •57 175.5 

174.0 5B*o 3511 
3%6 

.82 
53.5 U7.O8 I7U.8 
56.5 3420 •35 175.7 
58.0 3375 .60 175.7 
62.0 3330 .85 177.2 
63.5 3235 1*8.11 177.5 

179.4 63.0 3241. • 36 
70.5 319U 

31C7 
.62 lrf3.2 

73.0 .87 1B5.1 
76.0 3100 4P. 12 1X3.0 
77.0 305U •37 187.0 
79.5 3006 .62 1S7.0 
SI." MfiO •«7 1SS.0 
UP.'l 2913 50.12 13S.0 
«5.0 2866 :S 190.0 
d7.5 2S1K 188.1 
90.5 2770 .<S7 
91.0 2723 51.13 







I 
FILM AKM.rsIS 

_WO-A _ AIVUH •   I~4».'T. 

i DATK OK rar 

H»** n-A 

h»»t No. 7. 

I 

1 

17.6 
' . 

la.« 
1G 
1 
I'. 

1 . 
16. . 

N 
4? 
M 
:7 
12 

6s:s 
7« 
JJ 

24 
S8U6 
64 
M 
00 

5784 
26 

:.Jt- 
ib 
01 

I- .'64 
06 

6457 
04 

•«..• 

62J1 
H 

t>174 
12 

3047 
4i31 

13 
4.4., 
4844 

09 
47/3 

ST 
01 

4064 
26 

4681/ 
52 
l; 

47.76 
«.88 

.83 
§••41 

,H 
•'0.4/ 
^1.02 

.66 
Ü2.08 

.60 
•3.12 

.66 
S4.19 

.ri 
68.23 

.74 
66.28 

.77 
67.20 

.81 
66.31 
J8.Ö2 
6».28 

.86 
GO. 48 

.38 
61.37 

.86 
61.40 

.92 
•3.41 

.»3 
63.98 
R4.18 

.44 

.   -i 

'"«.2J 

.   . 
• t7 

•39.22 

(.0 
14.4 
19.8 
26.Ü 
30.8 
36.0 
41.3 
4C.7 
Bl.l 
64.8 
•io.a 
C2.1 
66.0 
72.0 
76.2 
76.7 
a.,.1 
8T.S 
91.7 
-f.j 

10J.6 
'03.4 
109.2 
112.7 
III .3 
1?0.6 
123.0 
126.7 
130.2 
134..' 
1.7.3 
137.8 
13C.6 
118.8 
142.2 
I     . 
144.6 
148.1 

148.6 
160.0 

 J.«m*pk», 

Start. 
^Iw-ofr r.«,j ft.,» fUg> 

.ak.-oir r«»il fro •U   . 



aw»?** 

1 & Shaat Da. 7 (SUjip.)' 

L- +" 

#** 

Ft. 
Mat. 
Ft. Ft/'»« 

l&.ß 4477 68.46 149*7 
1« 37 .74 152.V 
1<V. 43!*!: »aa l->;.* 
ü.o 50 67.24 ISb.j 
ie.& li .61 16C< 
17. s 4276 .76 luB.S 
IS SJ 68.01 1^.4 
13 41 »9 .87 1^8.4 
20.6 ÜB .52 168.3 
zs 18 .77 191.4 
it.O 4070 69.04 130.2 
23.S SB .28 1C2.1 
24 SSC1 .06 168.7 
86.8 61 .30 162.8 
26.5 OS 70.06 188.6 
27.B 8888 .82 171.6 
«7.6 21 .57 173.3 
26. 6 3776 .»2 17J.S 
36.5 84 71.07 172.3 
Zi.6 89JJ 71.83 170.6 
30.o 3647 .88 173.8 
Sl 03 .84 173.6 w SBoB 72.10 177.7 
SS 11 .36 17B.6 
84 9404 .81 17Ü.4 
84..-> ia .87 182. Z 
ss 3373 73.12 161.2 
SS. 6 87 .37 161.2 
87 3231 '.62 164.0 
StJ.b 38 .88 183.a 
41 »18i> 74.12 mi.e 
42 40    . .36 182. ü 
44 30b4 .68 180.0 
48.5 47 • tfl 180.8 
48 00 7S.17 184.8 
4» 2U82 .43 1(0.4 
81 J< .68 1H7.4 
öS Ü8l>4 .W4 130.4 
S4.5 07 76.20 IJO.2 
60 £760 .46 186 
6W 10 .70 198 
03.0 £862 .90 191 
67.0 B613 7V.2S 168 
70. zsa .46 
78.5 8516 .7= 

irka. 

.''!'••?•• 
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17. 5 >>',1' 7';.37   I*«-« 
IS ' .63    11.7 
»>.;> 13 •*t<*   M6.ll 
•••. '71 7fi.l'i   1 •:.? 
?•. ?? .'»o   1K3.3 
?7.5 •i?7ii .65   UM«J 
30 f>6 .11 1 19.1 

77.ü no.» •'•V U17E 
3 • 27 .i»?  lj't.a 

.6?  1 • .1 
J* K> .<)>.  103.3 

U3.5 3i7t) 7J.30  l) :.o 
5^.5 ' ?6 .H6   117.1 

K3 3:7!; 
^"3 

•71   MO.O 
.07   ? ?.o 

7°-5 3773 7'».i»l   ?'>P.O 
75.-. •P. .'t7   3 1.0 
tt 3f»7o .73   aoi.o 
ri7.'j 80 .98   PT2.9 

T».5 3566 »0.01 
1" . 15 .'•9 

122 3S6J B1.26 Rlf.Ut >t off. 
181.fi UM 81.78 Uft Jot off. 
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LOCATtO«    Muror 3ry Uta DAI'-: 3F TEST 
«•  WT On TJüT SO. a 166 A.v.   Amur ".P BY 

6»8*-42 

Ft. 
rut. 
rt. Sao. Ft/seo. Itaarka« 

0 (7)70.6 
4087 

56.16 la.s •tart. 
Tata-off raad at flag 

6070 45.70 3.8 
07 47.86 v.» 
JÖ .78 16.6 
4U 46.M 80.8 
H .00 2b.2 
20 4M. 61 30.0 
00 60.1? 96.4 

UTS .70 40.6 
81 il.SO 46.9 
ss .00 .   SI.7 

6888 62.61 67.0 
68 38.18 62.1 
IS .72 67.1 

8774 64.30 78.7 
29 .33 76.2 

667 j 86.47 81.1 
34 u6.07 66.3 

8888 .66 37.1 
2d 67.28 »6.3 

6478 .UO 100.4 
13 68. SS 104.3 

6180 i3.J7 109.4 
0886 6b.66 113. U 

17 60.13 110.8 
6160 .70 123.6 
S07B 61. 26 1X6.1 

06 .as 130.8 
4S82 62. Si* 184.8 
4637 .1.4 131». 1 
47 B J fi.47 14  .4 

00 34.02 14S.6 
4618 .OH 149.1 
46.11 Si. 12 168.7 
4482 .67 167. S 

18 4406 76.94 lie.a 
16 4M6 76.2J IM. a 
lfa.8 4321 .47 106.1 
in. 5 4277 .74 164.6 
If..5 4238 7''.'Jw 16.'..7 
15.; 4W ,2H 16i.7 
13. t 414» .58 67.0 
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16.4 40J7 T7.88 168(8 
16.j 4061 7.1. 0: IC.4 
16. d VJOJ .36 188.4 
17.5 8868 .,•7. 172.3 
: ,J »14 •80 17 8. 8 
1--.J 33BC 7J.16 I 177.4 
;'v.c 9Ma .42 1   >.\ 
21.; 3771 178.4 
?;;.;, 8781 .88 181. E 
*4.5 3374 -W.23 1-   .. . .; • T. .4» 181.8 2'.;, 367Ö .76 1S3.2 
28.0 35:;/ «1.03 184.1 
19.0 847 a .30 166.0 .;.. 3428 .56 18a.6 
Sl.B 3376 .88 183.3 
3-?..c! 3326 «2.01 1«3.3 
86. S 3276 .35 193.3 . 3225 -'1 U'4.2 
40.0 3175 .87 188.8 «.. «124 ;. .if 1   6.8 
4'S. j 3072 .10 187.1 •. 18.68 U'3.2 
61.0 2j7a .. 1 186.2 .. 2«13 04. IH \JI.\ -. ) 2807 .48 186.1 . 881 .71 830.0 
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Sfl.J 2708 C5.23 
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• 



I ftwte 37-A 

ITL.   .  .:.»:. ii»»». :;o. 10. 

AI" 
UKATIOTT 

TO     •'«    'ä.   C 

_r. y-A. 
'irnn iii-y Ulri 

«Ifht 
Ft. 

.'.:.' :.? KlIO 

AIR UVi   I&'-!1T,_ 
CAT.   OF  I-8T __ 

....  ^t 

fcfcOdU 

ri»t. 
Ft. 

riii« 
•o. 

7«1. 
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-5- •• 41.« 

. >i\, 44.12 S3.0 
W86 .37 SU.2 

u 48.22 44. t 
a .75 4-1)1 
Oil 46. £7 68.6 

6BSI .61 • >.; 

60 47.67 60.6 
14 .80 8T.0 

6778 .   1 72.3 
81 .90 76.4 

..9-ii 69.60 Ü1.B 
-If <;^. vr\ . AS*» 

6691 .70 uo.e 
40 .80 16.7 

648» •u 100.4 
24 t,2.42 105.3 

6881 63.00 100.8 
00 .66 113.7 

5234- Bt.ll !1   . . 
»161 .«• 188.0 
5o*e 35.26 1S7.1 
MVt ü&.at 1J0.8 
41.40 66.38 1.-4.1 
4674 .92 138.6 
4?a7 87.40 14?.7 

V.'.B 4756 .76 144.3 
1   .•. 4717 OB. 03 146.2 
1   . . 467 a .31 Hd.l 
16.6 4U34 .. 131.8 
16.a 461/2 .80 151.a* 
14.0 4660 50.13 152.7 
16.0 460b .41 1 4.1 
16..- ..;.! 166.0 
18.8 44-•; .98 157.4 
15.6 4351 60.88 157.a 
15.t- 438b .4b 189.1 
13.6 UM .77 180.8 
16.8 1-4. 61.06 I'i.J 
11.0 420-. .32 llb.7 
17.0 416C . 86 1-7.0 
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.ako-off ro-id fron fl*£. 

M-z 17.71 J«ta on. 
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44 •H 60.1 
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18.8 4771 .1*0 164.2 
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40.12 
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.94 

44.46 
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.28 
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.84 

62.10 

17.6 
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41.4 
46.0 
4J.6 
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13 
18 
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13.5 
1S.6 
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22 
2J 
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2a 
30.6 
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88.5 
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4« 
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Bd.6 
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02 
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It 
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3503 
36 
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sa 
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3» 
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40 
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40 
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40 
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38 
2787 
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2687 

34 

• 36      173.6 
.60      174.6 
.36      172.4 

63.12      174.8 
•40 176.2 
.06 178.1 
•91      131.6 

64.17 180.0 
.43 183. ö 
.7!) 134.5 
.94       1<J9.1 

»6.20       lstt.O 
.44 iai.2 
.70 1J4.1 
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66.21 ltf0.4 
• 48 ltfj.1 
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21.0 
ai.e 
22.B 
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• 
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367 Y 
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... 
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.47 
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164.8 
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170.3 
172.4 
17..1 
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114.6 
lSh.S 
18..0 
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IBS.6 
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4641 
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427? 
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..'B 
V«. j' 
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18,8 
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67.4 
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1. 
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14J.B 
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i -4.: 
laT.O 
161.6 
166.5 
168.6 
17J.3 

17-.3 

•ik.-9tf re.«l  1 !•<•» ring. 





i 

*•<+•& 
uror   /ay  L*ka 

AlfcYiVi1   ItmNT. 

at 

Sh at No. 14. 

"•»» M- telfey 

• t. it. "60. 
'1. 
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1186 24.u3 
3176 26.19 6.3 
3170 .74 15.0 
01 'M 27.31 !5.3 
6141 .37 31.3 
•1S2 28.42 36.5 
a 133 .98 43.0 
J076 2*. 53 50.U 
G046 33.36 57.0 
3311 .64 84.6 

•1 31.19 73.9 
CJ.'B .73 77.8 
.'•>.-J 32.28 81.6 

•!-;2 .83 69.6 
37»0 33.39 9C.4 
il736 .£(8 132.3 
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J617 Ssi.US U3.6 
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•>* 1 • 86.13 124.4 
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16.6 4792 .8! 189.4 
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17.3 4640 .:A 17!v7 
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22.7 
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